The pure rotational spectra of CS and its isotopomers 12 C 33 S, 12 C 34 S, 13 C 32 S, 13 C 33 S, 13 C 34 S including the very rare isotopomer 12 C 36 S were observed. The rotational spectra include ground and vibrationally excited transitions up to v = 16. The new measurements have been performed with the Cologne terahertz spectrometer covering the frequency region from 259 to 1075 GHz. These newly observed rotational transitions together with earlier data were fitted to a Dunhamtype Hamiltonian. The obtained isotopically invariant parameters include vibrational and rotational expansion coefficients.
Introduction
Although carbon monosulfid, CS, possesses a closed electronic shell, and thus a 'E electronic ground state, it is chemically rather unstable. In terms of chemical lifetime it displays features which are known from open shell molecules, i. e. like molecular free radicals. Since its first detection by microwave techniques in 1953 [1] , CS has served as a probemolecule for testing experimental advances, particulary associated with the generation of highly unstable free radicals [2] . We have measured the terahertz spectrum of CS for three reasons: (i) as a preparatory step in the generation of other sulfur bearing unstable species, e. g. SH, SSH, PS, and (ii) to study high vibrationally excited CS together with rare isotopomers. (iii) to enlarge the existing data base to derive isotopically invariant parameters.
Bird and Mockler [1] observed the J = 1 0 rotational transition of 12 C 32 S and 12 C 34 S. The following investigation by the same authors [3] in 1955 resulted in measurements with improved accuracy and, for the first time, the J = 1 «-0 rotational transition in the first vibrational excited state of 12 C 32 S was reported. In addition, they recorded the hyperfine structure of the 12 C 33 S isotopomer, and from the observed splittings of the J = 1 0 transition the electric quadrupole hyperfine constant eQq( 33 S) = 12.835(26) MHz was deduced. The dipole moment of carbon monosulfide in the ground and first excited Reprint requests to Prof. G. Winnewisser; Fax: +49 221 470 5162, E-mail: winnewisser@phl.uni-koeln.de. vibrational state was measured by Winnewisser and Cook [4] , The splitting of the J = 1 «-0 transition into three Stark components caused by an applied electric field was used in determining the dipole moment to be = 1.958(05) D for the vibrational ground state and /z D = 1.936(10) D for the first excited vibrational state. Because of the relatively high dipole moment of CS and the low stretching vibration (u = 1285.08 cm -1 [3] ), it is possible to measure rotational transitions in highly excited vibrational states, particularly since CS is generated in situ in an electric discharge. The early millimeter wave work on the ground state by Kewley et al. [2] was extended by Bogey et al. [5] to include the isotopomers 12 C 32 S , 12 C 34 S and 13 C 32 S. The frequency coverage was increased up to 538 GHz. Their analysis employed the reduced Dunham coefficients and mass scaling coefficients. In an earlier publication Bogey et al. [6] presented the results of measurements on the rare isotopic species 13 C 34 S and 12 C 36 S in natural abundance. In addition, the millimeter wave spectra of 12 C 33 S (v < 1) and 13 C 33 S (t> = 0) were observed, improving the accuracy of the hyperfine constant eQq. In passing it might be noted that rotational transitions of interstellar CS have become ubiquitous tracers of high density molecular cloud regions. Interstellar CS has been detected from almost all rare isotopomers, including C 36 S [7] . The main isotopomer 12 C 32 S has also been detected in the first excited vibrational state v = 1 in star forming cores [8] . CS emission has also been detected in various comets, including the rotational transition J = 7 <-6 in the comet HYAKU-TAKE (1996 B2) by Wouterloot et al. [9] KOSMA-3m-radiotelescope. Now we are able to extend the existing laboratory CS measurements into the terahertz region including transitions as high as J = 23 22, and for the isotopically more common species towards highly excited vibrational states up to v = 16. Some samples spectra are shown in Figure 1 .
Experimental Details
For more detailed descriptions of the Cologne submillimeter wave spectrometer system, the reader is referred to some recent publications [10] , [11] , Several backward wave oscillators (BWO) were used as microwave radiation sources covering a total frequency range from 250 to 1100 GHz. The phase-locked radiation of the various BWO's was focused through the CS molecule.
the absorption cell and subsequently detected with a He-cooled InSb hot electron bolometer. The experimental uncertainties were estimated from the obtained signal-to-noise ratios. For strong, well-isolated lines the uncertainity in the frequency determination is estimated to be 10 kHz or less, whereas for weak, blended lines, e. g. for transitions in high excited vibrational states, the uncertainty can be as high as 500 kHz. The CS molecule was produced in a dc discharge of carbon disulfide (CS2) and argon. For establishing the optimum discharge conditions, the partial pressure of argon was stabilized at 80 (ibar, while less than 5 |_tbar of CS2 was used. The optimum discharge current was about 335 mA. As a result, the colour of the discharge was a light grey. It was not necessary to cool the absorption cell during the measurements. 
Analysis
The fundamental relation between energy levels of a vibrating rotor can be written in the form
M (1)
are where i and j are summation indicies and the Y i: observable constants known as Dunham coefficients [12] and [13] . For two reasons it is very advantageous to use the Dunham expansion method, (i) the number of constants that have to be fitted for obtaining predictions of transition frequencies for different isotopomeric species can be reduced via the introduction of the isotopic invariant parameters U^. Because of the relation (Watson [14] , Bunker [15] (3) From the knowledge of the reduced mass, e.g. of a rare isotopomer, the corresponding Dunham coefficient can be determined with the aid of (3). For the breakdown of the Born-Oppenheimer approximation the Uij also have to be corrected. The correction for the Dunham coefficient UQI was worked out by Tiemann [16] : (4) In (4) 
The Dunham coefficients C7, c s coefficients A ' XJ and the mass scaling l0 are presented and compared with molecular parameters calculated by Bogey et al. [5] in Table 1 .
The hyperfine constants C/ and eQq had been determined from a global fit with help of the program using the isotopic invariant formulation of the Dunham coefficients written by Saleck and Klaus. Ryzlewicz et al. [17] introduced a Dunham-type expansion of the nuclear electric quadrupole moment eQq = QY, eq 13 
it is not necessary to calculate rotational constants for each isotopomer but it is possible to evaluate data from each isotopomer individually in only one fitting procedure. In (2) p is the reduced mass of the molecule, A^j and are correction coefficients which are im-
portant if the breakdown of Born-Oppenheimer approximation is taken into account. The correction term Ö(m\/M\ B ) is too small to be experimentally determined, (ii) the second advantage stems from the in order to make use of the advantages of Dunhamtype series mentioned above. For the same reason the interaction between nuclear spin and rotation as described by the nuclear magnetic coupling parameter C/ can formally be treated by a Dunham-type expansion, as has been introduced by Saleck et al. [18] for the HBr molecule and its isotopomers. Klaus et al. [19] have applied this expansion for fitting the rotational spectra of the SO molecule [19] and those of HCl and DC1 [20] . We have made use of it in fitting the complete CS data set However, since for CS only the low J rotational lines contain information on the electric quadrupole and the nuclear spin-rotation interaction, only the first term of each expansion is of significance and quoted in Table 1 .
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Results and Discussion
The molecular constants in Table 1 were fitted simultaneously with the data published by Bogey et al. [5, 6] covering for all observed isotopomers 216 rotational transitions. Tables 3-6 . Especially rotational transitions in highly excited vibrational states could be measured, e. g. in case of 12 C 32 S up to v = 16. Hence the Dunham constants with higher indices corresponding to high vibrational and rotational influence had to be fitted. It is remarkable that only the Dunham coefficient U22 had to be added to the set of parameters used by Bogey et al. [5, 6] in order to reproduce the complete data set, i. e. including the newly observed spectra. As can be seen from the comparison of the Dunham constants obtained from our extended data set quoted in Table 1 and the ones derived by Bogey et al. [5] reproduced in Table 1 the two sets are in very good agreement.
